Appropriate prehospital (PH) triage of patients with chest pain can significantly improve outcomes in acute myocardial infarction. The main finding of this research is that 1 in 3 patients with acute myocardial infarction are misclassified as low risk by PH providers. Absence of history of previous coronary revascularization and electrocardiographic (ECG) misinterpretation are the strongest independent predictors of undertriage. Key implications for emergency nursing practice are that nurses need to perform rapid triage of patients with acute chest pain during the transition of care, regardless of field evaluation by emergency medical services (EMS). Special attention needs to be paid to patients with benign past history, including reinterpreting PH-ECG if possible and repeating an ECG on arrival.
E arly diagnosis and treatment are associated with reduced morbidity and mortality in patients with acute myocardial infarction (MI). [1] [2] [3] The priority of emergency medical service (EMS) providers during the initial encounter is to identify patients with high-risk chest pain who are at increased risk for acute MI. EMS providers are trained to risk stratify chest pain based on focused history and physical exam and a quick interpretation of a prehospital (PH) 12-lead electrocardiogram (ECG) (acute ischemia, arrhythmia, etc). If the patient is deemed to be at high risk for acute MI, EMS providers typically transmit the PH-ECG to the receiving hospital and consult with a command physician. Early activation of the catheterization laboratory based on the PH-ECG has been shown to significantly reduce door-to-balloon time (DBT) by more than 50 minutes and in-hospital mortality by nearly 40%. [4] [5] [6] [7] [8] EMS providers rely on their personal skills and the automated machine annotations in their interpretation of the PH-ECG. However, previous studies have shown that EMS providers tend to have lower sensitivity (0.63 to 0.95) and specificity (0.72 to 0.94), 9 and automated ECG interpretation algorithms tend to have lower sensitivity. 10 Although systematic over-reading of PH-ECGs by a medical command physician could overcome these shortcomings, 11 it has not been widely implemented by EMS systems because of excessive cost and the lack of around-the-clock access to specialized physicians. 8 Therefore, EMS providers remain the gatekeeper for risk stratifying chest pain and identifying high-risk patients. As such, regional variations in successful transmission of PH-ECGs exist because there is a high degree of provider subjectivity of what constitutes a "highly suspicious" presentation. The aims of this study are to explore the demographic and clinical characteristics of patients with chest pain deemed by EMS as high-risk cases, evaluate the accuracy of initial EMS triage in relation to the eventual diagnosis of acute MI, and explore the factors associated with misclassifying (or undertriaging) a patient with MI as low risk.
Methods

SAMPLE AND SETTINGS
Subjects for this study were recruited from ECG Methods for the Prompt Identification of Coronary Events (EMPIRE). The methods of EMPIRE have been reported in detail elsewhere. 12 Briefly, EMPIRE prospectively enrolled consecutive patients with nontraumatic chest pain transported by EMS to 1 of 3 University of Pittsburgh Medical Center (UPMC)-affiliated tertiary care hospitals with percutaneous coronary intervention (PCI) capabilities between May 2013 and August 2014 (n ¼ 2,065). Consecutively enrolled patients met the following criteria: (1) 18 years of age or older and (2) chief complaint of nontraumatic chest pain or the equivalent. We enrolled all consecutive eligible patients, and there were no modifications to routine medical care. The Institutional Review Board of the University of Pittsburgh approved this study with a waiver of the requirement of informed consent.
Enrolled patients were attended, treated, and transported by the City of Pittsburgh Bureau of EMS. All Pittsburgh EMS providers are certified paramedics. As part of routine medical care, paramedics obtained 10-second, 12-lead ECGs on the scene in all patients with chest pain and administered standard medical care based on advanced cardiac life support (ACLS) algorithms or as prescribed by statewide EMS protocols. If the initial patient evaluation was judged to be highly suspicious for cardiac ischemia, EMS providers were instructed to transmit the PH-ECG to UPMC medical command center (MCC) for over-reading and possible activation of the catheterization laboratory; otherwise, transmission was not required. Paramedics were expected to interpret the ECG for significant ST elevation and were required to transmit ECGs with suspected ST-elevation myocardial infarction (STEMI) to UPMC-MCC. Transmitted ECGs are permanently stored in raw digital format in a secured UPMC network. If the patients are judged to be low risk, and hence their PH-ECGs are not transmitted, they get erased from the memory of the EMS monitor over time, and the only remaining interpretation of the PH-ECG is the documentation signed by EMS providers in electronic medical record.
DATA COLLECTION
Subjects meeting the study criteria were identified using custom reporting software in the PH electronic patient care record program (emsCharts, Warrendale, PA). We used a linkage list containing name, date of birth, sex, date/time of dispatch, and responding EMS agency to link PH records with in-hospital records from the receiving hospitals (PowerChart, Cerner Corporation, North Kansas City, MO). We obtained the initial ECG from the emergency department (ED-ECG) for all eligible patients as well as the PH-ECGs that were transmitted to the UPMC MCC.
STUDY VARIABLES
There were 2 primary outcomes. The first study outcome was EMS triage level of chest pain coded as (1) high-risk for acute MI (PH-ECG transmitted to UPMC-MCC and/or declared by EMS as STEMI-candidate) and (2) low-risk for acute MI (EMS followed routine care). The second outcome was acute MI at the primary admission, documented by elevation of cardiac troponin (> 99th percentile) and (1) subsequent development of labile, ischemic ECG changes (eg, ST deviation); (2) coronary angiography demonstrating greater than 70% stenosis, with or without treatment; and/or (3) functional cardiac evaluation (ie, stress testing) that demonstrates ECG, echocardiographic, or radionuclide evidence of focal cardiac ischemia. 13 The presenting ECG (PH or emergency department) was coded as follows: (1) normal ST-T waveform or (2) acute ischemic ECG changes warranting further attention, defined as 2 contiguous leads with ST elevation or horizontal/down-sloping ST depression, left ventricular hypertrophy (LVH) with strain pattern, left bundle branch block (LBBB), or abnormal ventricular rhythm. 13 Two Values are mean 6 standard deviation (SD) or n (%). Percentages are based on total numbers in each column. Bold indicates significant difference between groups. CABG, coronary artery bypass graft; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; PH, prehospital. * P < 0.05. P < 0.01. à P < 0.001. independent reviewers evaluated patient records to adjudicate the study outcomes. All disagreements were resolved by a third reviewer.
There were multiple study predictors. The primary predictor was EMS providers' interpretation of the PH-ECG as documented in emsCharts, coded as acute ischemia (ie, significant ST changes), abnormal ECG (pacing, bundle branch block, arrhythmia, etc), benign ECG (sinus tachycardia, PVC, etc), or no documentation (failure to document, ECG was not performed, etc). Of note, the EMS providers' interpretation of the PH-ECG was based on their personal skills, assisted by the annotations printed on ECG papers by the device software (eg, "****Acute Ischemia****"). Other predictors included age, sex, past medical history, and vital signs.
STATISTICAL ANALYSIS
Values were reported as mean 6 standard deviation (SD) for continuous variables or n (%) for categorical variables. Patients were grouped according to their status of PH triage (high risk/low risk) or the presence of acute MI (yes/no). Groups were compared using independent sample Students' t-test for continuous variables (or Mann-Whitney if nonnormally distributed), and chi-square for categorical variables. The sensitivity, specificity, and positive (PPV) and negative predictive values (NPV) of the accuracy of EMS triage were computed. Finally, in patients with acute MI, predictors of undertriage significant at the univariate level (P < 0.05) were entered in a multivariate logistic regression model with backward selection method. All analyses were done using SPSS 22 (IBM, Armonk, NY) with alpha of 0.05 for 2-tailed hypothesis testing.
Results
We enrolled 2,065 patients (age 56 6 17; 53% male). Figure 1 shows the EMS accuracy of ECG interpretation in patients with acute MI (n ¼ 155). Overall, 87 patients with MI (56%) had acute ischemic ECG changes, and 68 (44%) had normal ST-T waveform on the presenting ECG. Among those with evidenced acute ischemic ECG changes, EMS accurately identified only 20% of these changes and documented nearly half as benign findings. The latter group was classified as ECG misinterpretation in subsequent regression models.
PREDICTORS OF UNDERTRIAGE IN PATIENTS WITH MI
Overall, 46 of the 155 MI events (30%) were undertriaged by EMS providers as low risk. 
Discussion
This study explored the factors associated with proper PH triage of patients with chest pain. We found that EMS providers triaged one third of patients as high risk. EMS providers were more likely to triage those with older age, male sex, and significant cardiac history as high risk. Those triaged as high risk were 3 times more likely to have acute MI, yielding an acceptable sensitivity, specificity, and NPV (>70%) but poor PPV (14%). We also found that approximately 30% of MI events were misclassified as low risk. Lack of significant coronary history and ECG misinterpretation were the strongest predictors of undertriage by EMS providers. Of note, nearly 40% of the acute ischemic ECG changes seen in patients with acute MI were misinterpreted as benign by the EMS providers.
TRIAGE BASED ON PATIENT HISTORY
EMS providers rely heavily on patient history and vital signs to quickly triage patients with chest pain in the field. Using the classical patient profile (male patients with risk factors known to be associated with acute MI), EMS providers properly triaged 70% of MI events in this cohort. This is not surprising, given that patient demographics, significant cardiac history, and chronic comorbidities are well-known predictors of in-hospital advanced cardiac care in patients with undifferentiated PH chest pain.
14 Most importantly, the history of previous coronary revascularization seems to be a major determinant in EMS providers' overall assessment and risk-stratification approach. This reinforces the findings of a previous meta-analysis that the absence of a history of coronary revascularization has a modest negative likelihood ratio for identifying patients who are unlikely to have acute MIs. 15 
FIGURE 1
EMS providers' accuracy of ECG interpretation. On the other hand, our data show that EMS providers were more inclined to triage male patients as high risk with disregard to their age. This is worrisome, given that men were not at increased risk of MI compared with women (8.3% versus 6.7%, P ¼ 0.17). The presence of sex disparities in emergency care for acute MI has been reported previously. It has been shown that women are less likely to be treated with guideline-based medical therapy or cardiac catheterization, 16 less likely to receive aspirin or nitroglycerin in the field, 17 as well as less likely to have PH-ECGs performed. 11 This finding highlights a potential opportunity to address treatment disparities across the care continuum.
TRIAGE BASED ON THE PH-ECG
EMS providers are trained to obtain 12-lead ECGs in the field and to look for possible ST changes indicative of STEMI. Our data show that EMS providers misinterpreted nearly half of acute ischemic ECG changes in acute MI as benign (Figure 1 ). To better understand the factors associated with such low sensitivity, we qualitatively audited all misinterpreted ECGs and identified 2 potential sources of error. The first source of error is the underestimation of ST elevation if the ECG does not mimic the classical tombstone morphology. Figure 2 shows the ECG of a patient with inferior STEMI that was interpreted by EMS providers as normal sinus rhythm. Borderline ST-segment elevation has been shown in a recent paper to be the leading cause of false negative results in PH STEMI events. 18 The second source of error is that EMS providers are less sensitive to ECG changes other than ST elevation that are indicative of acute myocardial injury (eg, ST depression, new-onset LBBB, LVH with strain, high-degree atrioventricular block). Our data show that EMS providers classified 17% of acute ischemic ECG changes in acute MI as other nonischemic abnormalities (Figure 1 ).
CLINICAL IMPLICATIONS TO EMERGENCY NURSING
The findings of our study have several implications for emergency nurses, as they remain at the forefront of evaluating and managing patients with acute chest pain at the emergency department. First, given that nurses are primarily responsible for patient care during care transitions to the emergency department, they should be aware that nearly 30% of patients with MI might be undertriaged. Performing a full assessment and an ECG analysis by the emergency nurse, while being mindful of the most significant predictors for an ongoing acute MI, remains the cornerstone for evaluating patients with PH chest pain, regardless of the level of triage reported en route to the emergency department. In fact, previous studies have shown poor agreement between EMS and nursing triage. 19 Second, as this study revealed, FIGURE 2 Prehospital ECG of a selected patient with MI triaged at low risk. Initial 12-lead ECG of a 46-year-old male patient who presented with chest pain radiating bilaterally, associated with shortness of breath and a free past medical history. The patient was triaged by EMS personnel as low risk, and his PH-ECG was interpreted as benign. The patient was eventually diagnosed with inferior STEMI and was successfully stented. This PH-ECG shows 1-mm STEMI in leads II, III, and aVF, with reciprocal changes in leads I and aVL.
patients without histories of coronary revascularization posed a challenge during initial patient assessment, which might lead to undertriage. Nurses should have a lower threshold for suspicion during the initial evaluation of patients with benign medical histories, with an added emphasis on ECG evaluation. Finally, nurses are expected to have basic proficiency in interpreting an array of ischemic ECG abnormalities, independent of the ECG findings reported by EMS providers. Identifying the complex ECG patterns that are proving to be problematic in that setting should help streamline these cases for immediate evaluation by a medical specialist.
STUDY LIMITATIONS
The main strength of this analysis is that we analyzed a large cohort of consecutive and unselected patients from an urban EMS system transporting patients to 3 tertiary care hospitals with PCI capabilities. Our study has several limitations. First, the rate of confirmed MI events was low (7.5%). Although these rates are typical in PH chest pain, the very low-prevalence rate of events might have led to the poor sensitivity and PPV observed in this study. Second, given that nontransmitted ECGs were not permanently stored at our MCC, we audited the PH-ECGs of the transmitted cases and the ED-ECGs of the nontransmitted cases. We have previously reported that 20% of PH ischemic changes resolve before arrival at the emergency department, 20 which suggests that some differences in ECG interpretations between EMS providers and our independent reviewers might not be solely due to false positive or negative misinterpretations. Furthermore, EMS providers occasionally confront technical barriers that preclude PH-ECG transmission, an element that we could not quantify in our analysis, owing to the lack of data regarding attempted but failed transmissions. Finally, we do not know the extent of training that each EMS provider had as part of his or her basic training. We are also unable to establish whether EMS providers relied solely on their expertise or used computer-assisted interpretation for their final ECG judgment and documentation.
Conclusions
In this cohort of PH patients with chest pain, EMS providers triaged approximately one third of patients as high risk. Patients triaged as high risk were 3 times more likely to have acute MI. Older age, male sex, and significant cardiac history were the strongest determinants to triage a patient as high risk. EMS providers had moderate sensitivity but poor PPV to triage acute MI. The strongest predictors for misclassifying a patient with MI as low risk were the lack of a history of coronary revascularization and ECG misinterpretation. EMS providers had limited sensitivity and PPV to detect true ischemic ECG changes. To improve EMS sensitivity to STEMI detection, future EMS training should focus on (1) subtle and borderline ST elevation, (2) ST changes in anterior and lateral ECG leads, (3) nonspecific ECG changes that mimic ST elevation, and (4) appropriate global assessment for patients with benign past medical histories.
